Sierra-Aparicio, T. A., Magaña-Quijano, B. P., Vargas-Quiñones, J., Martínez-García, B., Toledo-Fernán-dez, A. (2019). Moderating effects of executive function between depression severity and work performance: a web-based cross-sectional study. Salud Mental, 42(2), 59-64. DOI: 10.17711/SM.0185-3325.2019.008 ABSTRACT Introduction. Depression and dysexecutive functioning share several neurocognitive features, and both often impair areas of everyday life functioning, such as work. The effect of their interaction on this outcome, however, is barely known. Objective. Was to analyze the moderating effect of executive functioning (EF) on the relation between depression severity and work performance (presenteeism and absenteeism). Method. Data was collected through a non-probabilistic web-based survey. Hierarchical linear regression analyzes were used for testing the main hypothesis, with depression severity (PHQ-9) and EFs (BRIEF-A) as predictors, and presenteeism (SPS-6) and absenteeism (HPQ) as independent outcome variables. Results. There were 462 participants analyzed. The regression models showed no significant interaction, only additive effects of depression severity and EF on presenteeism, and no effect of these variables on absenteeism. Discussion and conclusion. Our main finding disagrees with the moderating effects of EF reported for other psychological variables. We hypothesize that EF alterations may have particular features for depression (e.g., cognitive inflexibility in thought rumination), which are not assessed by the BRIEF-A. Future studies should consider using EF performance tasks to test moderation and using naturalistic indicators of work performance.
INTRODUCTION
Though traditionally addressed as a disorder with emotional symptomatology at its core, depression can also be understood as an alteration of cognition, particularly executive functions (EFs) (Hammar & Årdal, 2009; Millan et al., 2012; Snyder, 2013) . This is so because: a) the very signs and symptoms of depression are akin to those of the dysexecutive syndrome (Godefroy et al., 2010) , e.g., abulia (a deficit of behavior initiation), inability to concentrate (often due to lack of inhibition of depressive thoughts), or cognitive inflexibility (observed in thought rumination) (Watkins & Brown, 2002) ; b) anomalies in frontal lobe networks commonly found in cases of executive dysfunction have also been observed in cases of depression (Bracht, Linden, & Keedwell, 2015; Goodwin, 2016) ; c) poor performance on a wide variety of EFs' tasks have been steadily observed too (Hammar & Årdal, 2009; Snyder, 2013) .
One of the common critical features of both depression and dysexecutive functioning is that they often lead to significant impairment on areas of everyday life functioning (American Psychiatric Association, 2013; Millan et al., 2012; Villalobos-Gallegos et al., 2019) , such as work. In fact, as close as 50% of lost productive time may be explained by depression (Stewart, Ricci, Chee, Hahn, & Morganstein, 2003) , and work-related stressors are significant risk factors of this disorder (Bonde, 2008) . For its part, ADHD, a common EF-related disorder, has been associated with lost of productivity across diverse samples of workers (Kessler et al., 2005) , and ADHD-related EFs' deficits have been found to be associated with a higher frequency of unemployment (Halleland, Sørensen, Posserud, Haavik, & Lundervold, 2015) .
As relevant as this evidence is, to our knowledge, there has not been an analysis of the moderating effect of executive function between depression and work performance. Given the close relation these constructs have, it seems plausible that such interaction may help to better explain the variation on indicators of work performance. A moderating effect of EFs has been observed, for example, between: behavioral intention and behavioral performance (Hall, Fong, Epp, & Elias, 2008; Hall, Zehr, Paulitzki, & Rhodes, 2014) , perceived stress and aggressive behavior (Sprague, Verona, Kalkhoff, & Kilmer, 2011) , and in interventions for promoting socio-emotional functioning (Riggs, Jahromi, Razza, Dillworth-Bart, & Mueller, 2006) .
The objective of this study was to analyze the interactive effect of EF and depression severity on variables of work performance (presenteeism and absenteeism). We hypothesize that the expected correlations between depression and work performance variables are boosted by the moderating effects of higher levels of dysexecutive functioning. Overall, our purpose is to add evidence to the understanding of depression as impairment of EFs, and its impact on a specific clinical outcome.
METHOD

Study design
Cross-sectional web-based survey.
Participants
A non-clinical sample of economically active individuals was recruited across the Mexican territory via a web-based survey, using a non-probabilistic snowball sampling technique by which potential or enrolled participants invited their own acquaintances to participate in the study. Recruitment lasted one month, from September 15 th through October 18 th , 2018. Eligibility criteria were: 18-60 years of age (in order to maximize probability of having a job and to minimize the risk for age-associated cognitive decline), currently having a job with at least three months of non-interrupted activity, and having understood and accepted the informed consent.
Measures
Demographic questionnaire
It included items about gender, years of age, and education attainment.
Patient Health Questionnaire (PHQ-9)
A Spanish-adapted version was used to measure the severity of depression. The PHQ-9 consists on nine items which inquires the respondent about specific depressive symptoms (corresponding to DSM-IV criteria) in the last two weeks, according to a Likert scale with 0-to-3 values. A total score is computed, with upper values indicating a higher severity of depression. Ordinal levels of depression severity can also be concluded from this score as follows: 0-4 = none, 5-9 = mild, 10-14 = moderate, 15-19 = moderately severe, 20-27 = severe (Kroenke, Spitzer, & Williams, 2001) . The PHQ-9 is a very common scale in clinical research worldwide; evidence of its validity has been reported for Latin American populations (Cassiani-Miranda, Vargas-Hernán-dez, Pérez-Aníbal, Herazo-Bustos, & Hernández-Carrillo, 2017) , and it has been used for research with different Mexican samples (Romo Nava, Tafoya, & Heinze, 2013) .
Health and Work Performance Questionnaire (HPQ)
Two items from this questionnaire were used for measuring absenteeism: 1. number of work hours expected by the employer in the past seven days, and 2. number of hours worked in the past seven days (Kessler et al., 2004) . The value to consider in the main analysis was the quotient of item 2 divided by item 1 and multiplied by 100 to obtain a percentage. For those cases in which there was no employer or there were no expected work hours, the value of that item was set equal to item 2. The HPQ is recommended by the World Health Organization and it has been widely used in complete and partial versions across different studies (Wang et al., 2003) . It has provided evidence of validity by obtaining significant correlations (r values ranging from .61 to .81) with employer payroll records in multiple occupations (Kessler et al., 2004) .
Stanford Presenteeism Scale (SPS-6)
It evaluates the possible decreased productivity or below-normal work quality of an employee when he/she is physically present in his/her job (Kessler et al., 2004) . Aiming to reduce friction to respond the survey, we used a short version consisting of six items inquiring the respondent about his/her work experiences in the past month in relation to a health problem. For this study, and as recommended by the authors of the scale, we defined "health problem" as "emotional state" within the statements of the items. Response options were displayed in a five-level Likert scale (Strongly disagree = 1, Somewhat disagree = 2, Uncertain = 3, Somewhat agree = 4, Strongly agree = 5), and are summed up (after reversing items 1, 3, and 4) to obtain a total score, with higher values indicating a better ability to concentrate and to have accomplishments at work in spite of health problems. Good concurrent validity was reported for this instrument compared to the original 32-item version, and good internal consistency (Cronbach's alpha = .80) (Koopman et al., 2002) . Since there is no Spanish language version of the SPS-6, we translated the items and tested their readability within a pilot study with 30 participants, all of them reporting good understanding of the items.
Behavior Rating Inventory of Executive Functions -Brief Version for Adults (BRIEF-A)
This inventory assesses executive functions in everyday life (Roth, Lance, Isquith, Fischer, & Giancola, 2013) . Again, with the intention of reducing friction to respond the survey, we used a Spanish-translated abbreviated 17-item version (Basuela Herreras, 2016) . The BRIEF-A displays statements concerning difficulties related to the control of goal-oriented behavior and asks the respondent to grade his/ her own behavior according with the options: Never = 1, Sometimes = 2, and Often = 3. A total score can be computed, with higher scores indicating more severity of executive dysfunction.
Procedure
The online survey was designed and implemented using Google Forms. Following guidelines for online research (Regmi, Waithaka, Paudyal, Simkhada, & van Teijlingen, 2016) , the link to the survey was originally sent to authors' acquaintances via social networks (WhatsApp and Facebook), with a brief message encouraging both participation and forwarding of the link and message to other respective acquaintances, independently of participating or not in the study. Once the potential participant opened the link, the informed consent was displayed explaining objectives, activities, voluntary participation, confidentiality, low risk, and possibility of return of individual results (participants who completed evaluation were given the option to provide an individual e-mail, stressing that this will be the only identification data to collect, and a general description of the results, including levels of depression, executive dysfunction, and presenteeism, was sent to them after collection of data). Before beginning with the survey, potential participants were inquired about understanding of informed consent and acceptance of participation; when responding negatively to one of these questions, the survey ended; when not, participants underwent the full evaluation with this sequence: PHQ-9, HPQ, SPS-6, and BRIEF-A.
Ethical considerations adhered to the Declaration of Helsinki.
Statistical analysis
Flow of participants was described from recruitment to final sample to be analyzed. Variables of interest were described using mean (standard deviation) and frequencies (percentages) for numerical and categorical data, respectively. Aiming to identify empirically-based confounders, differences between main variables were tested in relation to gender (Student's t) and degree of education (ANOVA), and Pearson product-moment correlation analyses were performed to test for associations with age.
To test for the main hypothesis of the study, two hierarchical linear regression analyses were performed. The first analysis compared three hierarchical steps defined by the following predictors of presenteeism: 1. depression severity; 2. depression severity and EF; and 3. depression severity, EF, and depression severity × EF. Previously identified confounders where controlled in a fourth step. The second analysis was structured in a similar fashion with absenteeism as the outcome variable. Models were compared using ΔR 2 to test for significant change in outcomes' explained variance.
A p-value < .05 was set to determine statistical significance. Cases were automatically excluded from specific analyses when missing data in the computed variables (e.g., PHQ-9 total score). IBM SPSS Statistics version 25 was used for all the analyses.
RESULTS
Five hundred and fourteen individuals were initially recruited, excluding: one (.2%) because of incomprehension of informed consent, one (.2%) for rejecting participation, six (1.2%) because of not meeting age criterion, 30 (5.8%) for not meeting the criterion of at least three months working, seven (1.3%) repeated cases (based on repetition of personal e-mail provided for devolution of results), and two (.4%) cases with extreme values in the indicators of absenteeism. A total of 462 cases were included in the analyses.
Characteristics of participants are shown in Table 1 . The sample was mostly constituted by women (65.1%), with an overall range of age between 18-60 years-old, and virtually all the sample distributed within the highest degrees of education (92%). Concerning diagnostic results of the PHQ-9: 47.6% qualified as not being depressed, 34.6% for mild depression, and 17.8% for moderate to severe depression.
No significant difference was observed regarding main variables and gender, but one was observed for depression within education degree (F[2,471]=5.37, p < .05), particularly in relation to elementary-to-high school level vs college and postgraduate levels; however, since most of the sample was in the higher education degrees, this variable was not finally treated as a confounder. Age did significantly correlate with all the main variables (r ranging from -.12 to .20), so it was included as a covariate within the main analyses.
Concerning the hierarchical linear regression models (Table 2 ), significant prediction of presenteeism was found for depression (model 1.1), and for depression + EF (model 1.2), with a significant change in R 2 value (predicting 25% of the variation of presenteeism vs. 23% of model 1.1), but no significant change was found when adding the interactive term depression severity × EF (model 1.3). Controlling for age confounder, a significant change in R 2 was found (predicting 26% of the variation of presenteeism). Regarding prediction of absenteeism, only depression resulted in a single significant association (model 2.1), and thus no change in R2 was observed for the subsequent models.
DISCUSSION
The objective of this study was to analyze the moderating effect of EF between depression severity and work performance. Based on the results, no significant interaction was found, but only additive effects of depression severity and EF on presenteeism, and no effect of these variables on absenteeism. This indicates that sadness, apathy, abulia, anhedonia, and other symptoms of depression (Kroenke et al., 2001 ) deplete the capacity of the worker to concentrate and achieve goals at his/her workplace, and so do, independently, symptoms of impulsivity, cognitive inflexibility and disorganization, difficulties for behavior initiation, self-monitoring, and working memory deficits (Roth et al., 2013) . However, interaction in the form of sadness potentiated by cognitive inflexibility, or abulia potentiated by lack of behavior initiation, was not found.
Our main finding disagrees with those reported about the moderating effects of specific EFs between other psychological variables (Hall et al., 2008; Sprague et al., 2011) , and is somewhat conflicted with the understanding of depression as a form of EF alteration (Millan et al., 2012; Snyder, 2013) . The use of the BRIEF-A, which evaluates EF impairment close to the diagnostic criteria for ADHD, may have contributed to this lack of interaction. In this sense, we hypothesize that EF alterations may have particular features for specific psychiatric disorders, in a similar fashion to the distinction of hot and cold EFs (Moreno-López et al., 2012) for specific neuropsychological tasks and daily-life activities. For example, hot EFs, which encompass emotional regulation and decision-making, may have a more crucial involvement in depression than cold EFs, which relates to the use of mental regulation for the execution of cognitive tasks. Development of self-report scales with items aiming to explore dysexecutive functions in close relation to depression symptomatology may be useful in this regard (e.g., for cognitive inflexibility: "I have difficulties thinking in something else besides sad thoughts").
The univariate effects of depression severity and EF on presenteeism are in accordance with previous findings (Kessler et al., 2005; Stewart et al., 2003) . The lack of meaningful associations with absenteeism may be explained by the fact that most of the sample qualified for mild depression, which may suppose enough functionality for attending to the workplace; additionally, in individuals with mild-to-moderate depression, the perspective of job dismissal may function as a more potent stimulus for the conditioning of behavior than the inner stimuli of the depression. These suppositions may be further strengthened by the fact that presenteeism did associate with our predictors, meaning that, despite at- tending work, performance is still compromised by depressive and dysexecutive symptoms.
There are limitations to consider. First, the generalisability is minimized by the sampling method, which restricted the education of the participants to the highest degrees, and most likely restricted the socioeconomical status to middle-and high-income individuals too. Moderating effects of cognitive reserve may have played a role because of this demographic bias, particularly in the expression of EFs; we tried to temper this limitation with the snowball recruitment and social networks, however, further studies evaluating a more diverse demographic samples are needed in order to corroborate the findings. Second, web-based surveys come with inherent limitations, like a higher probability of misunderstanding of items or multiple responses from the same participant (Regmi et al., 2016) . We tried to minimize this by using brief and easy-to-understand scales, by providing the instruction not to response twice, and by eliminating possible duplicated cases from the final database. Third, though we used widely-employed psychometrically valid measures, self-reports leave aside important behavioral information provided by EF tasks and naturalistic indicators of work performance; future studies should test our findings by solving this limitation.
